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FIELD OF INVENTION 
[Oil Pumping systems, more specifically pumping method and devices for the movement of 
liquified gas into a high pressure cylinder. 

BACKGROUND 

[021 In the compressed gas industry, there are two basic types of pressure vessels used to contain 
the gases; refrigerated and non-refrigerated. In the non-refrigerated storage vessels the gases are 
stored at atmospheric temperatures and they are generally kept at higher pressure than in the 
refrigerated vessels. Nearly all bulk gas is produced, transported, and stored in a refrigerated state. 
The actual temperatures that the gases are stored at varies by the type of gas, and can range from 0° 
F to -350° F, but the principal of refrigerating a gas to maintain it as a low pressure liquid is similar 
with many types of gas. The benefits of keeping gasses as refrigerated liquids include more 
condensed storage and handling and lower pressure. 

BRIEF DESCRIPTION OF THE INVENTION 
[03] Historically it has been the fimction of industrial gas fill plants to convert, or pump, the low 
pressure refrigerated liquefied gases into the non-refrigerated higher pressure vessels. These 
pumpingstations are expensiveto install and usuallyrequire the liquefied gas storage vessel to have 

an outlet port at the bottom of the vessel as well as a recirculation system to prevent vapor locking 
the pump (vaporizing the gas in the pump). Applicants system and process allows for the use of 
smaller refrigerated pressure vessels which have connections on the top of the pressure vessels and 
eliminates theneedforarecirculatingsystem,significantlyreducingthecostofthepumpingstation. 
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[041 All liquefied gases are stored in equilibrium between vapor and liquid phases; this 

equilibrium is maintained by a combination of temperature and pressure. There are established 

temperature-pressurechartsforeachgaswhichstatethetemperature-pressurereto^^^ 

the boiling pointand the critical temperature(SeeChartl). As the liquefied gas is maintained ata 

point along the temperature-pressure chart, any reduction of pressure or increase in temperature 
causes the gas to vaporize. This vaporization impairs the ability to be able to "pump" the liquified 

gas. Conventionally, liquefied gases are gravity fed into the pump to reduce the possibility of the 
suction of the pump causing a vaporization of the gas. These pumps are also usually set to 
recirculate the pumped fluid back into the storage pressure vessel when there is no down stream 
need. This recirculation maintains the pump temperature consistent with that of the reMgerated 
liquefied gas. It becomes increasingly difficult to pump liquified gases firom portable refrigerated 
storage vessels (Dewars) using conventional pumping setups as the comiections for the Dewars is 
through the top and the liquid is withdrawn by means of as dip tube, or siphon tube which extends 
into the liquid at the bottom of the vessel. Extracting liquified gas from the Dewars up through the 
dip tube results in a sUght loss of pressure. Compounding the inability to gravity feed the liquid is 
the difficulty in establishing any type of recirculating system using a Dewar. because standardized 
Dewars do not have a suitable port for a return line into the bottom of the vessel. The inability of 
establishing recirculating systems inDewarspreviouslyhasresultedinthepumpsbeingwamierthan 

the temperature of the liquified gas in the storage vessel, increasing the potential for vapor lock at 
the pump. Consequently the use of the Dewar cylinders has been restricted to a high volume end 
users, orusewithexpensivehighvolumepumps, and the conversionoflowpressure liquefied gases 

into high pressure non-refrigerated cylinders is generally left to large scale industrial gas pumping 



Stations. 



[05] Applicant's present invention makes use of a heat exchanger to sub cool the liquefied gas 
below its equilibrium point, stabilizing the liquid, preventing it from vaporizing as it is subjected to 
the pressure reduction and temperature increase on the suction side of the pump. 

BRIEF DESCRIPTION OF THE DRAWINGS 
(061 Fig. 1 isaniUustrationofapplicantsprocessandsystemfortransferringaliquifiedgasfroma 

large vessel to a small vessel, featuring a heat exchanger between the large vessel and the pump. 
[071 Fig. 2 is an illustration of applicants process and system for transferring a liquified gas from a 
largevesseltoasmallvesseUllustratingarecirculatingrefrigeration system includingac^^^^^^ 

condenser, and a flow restrictor adjacent the vaporizing tube of first heat exchanger. 
[081 Fig- 3 illustrates applicants process and system of transporting a liquified gas from a large 
container to a smaller container using a pneumatic pump, the pneumatic pump being driven by gas 
downstream of the vaporization tube of the first heat exchanger. 

[091 Fig- 4 illustrates an embodiment of applicants process and system which illustrates a first 
heat exchanger between the large vessel and the pump and the second heat exchanger between the 
pump and the small vessel both heat exchangers including the vaporization tube and both 
vaporization tubes downstream of the flow controller. 

[101 Fig. 5 illustrates an embodiment of applicants process and system incorporating a second 
large storage vessel. Liquified gas transferred from the first large storage vessel to the small storage 
vessel encounters a first heat exchanger before a pneumatically driven pump and a second heat 
exchanger between the pneumatically driven pump and the small container. Vaporization tubes for 
both heat exchangers receive liquified gas downsfream of a flow controller from the second large 
storage vessel, which vaporization tube is in fluid communication with the pneumatic pump and 
drives the same. 



DETAILED DESCRIPTION OF APPLICANTS PREFERRED PROCESS 
[11] Chart 1 is a simplified temperature-pressure chart for Carbon Dioxide (CO2). This chart 
graphs the equihbrium point between the boiling point (2) at 0 psig and -109.3° F and the critical 
point (4) at 1056 psig and 87.9° F. The critical point is the point after which all Uquid vaporizes 
without regard to pressure. 

[12] Often commercially available refrigerated CO' is stored at around 0° F (6) resulting in a 
pressure of about 290 psig. Conventionally the industrial gas fill plants have pumped, or increased 
the pressure of this refrigerated liquefied CO' as it went into non-refrigerated cylinders at say 70° F, 
which results in a pressure increase of about 550 psig. When pumping care must be taken to ensure 
the liquid is not subjected to lower pressure (8) or higher temperatures ( 1 0) as this will cause the gas 
to vaporize, impeding the pumping process. 

113] Applicants process and system makes use of a heat exchanger to subcool the liquid between 
the storage vessel and the pump (and/or between the pump and the non-refrigerated cylinder), 
lowering the temperature (12) whilst maintaining the pressure, moving the temperature of the Uquid, 
via cooling, away from the equilibrium point and substantially into the liquid phase. This process 
and system of subcooling causes any liquid beginning to vaporize prior to the heat exchanger 
because of being warmed or drawn up a siphon tube to re-condense, and stay as a liquid throughout 
the pumping process. 

[14] Figures 1 though 5 provide, in schematic form, for the use of standardized components 
arranged to pump liquefied gases using appUcants preferred process and systems. Turning to figure 
l,we see appUcants basic pumping system (20) including storage vessel (22), flow controller (24), 
heat exchanger (26), pump (28), and smaller, high pressure storage vessel (30). It is fiirther noted 
that the Uquefied gas inside of storage vessel (22) is typically maintained in equilibrium as a 
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combination of liquid (32) and gaseous (34) phases. As is depicted, liquid valve (36) has attached 
siphon tube (36A) extending the inlet of liquid valve (36) into the liquid (32) inside storage vessel 
(22). 

115] In operation figure 1 illustrates that the liquefied gas is extracted from storage vessel (22). 
through liquid valve (36) and is chamieled towards heat exchanger (26). The head pressure in the 
refrigerated storage vessel is typicallysufficient to drivethe liquified gas to thepump. As the Uquid 

approaches the heat exchanger it is divided and a portion of the liquid is sent to the flow controller 
(24) which restricts the flow into a vaporizing tube (26A) of heat exchanger (26) causing the liquid 
to vaporize, and absorbing heat as an expendable refrigerant vented into the atmosphere from the 
removed open end of the vaporization tube. The other portion of liquid is directed into a liquid tube 
(26B) of heat exchanger (26) and is divested of the heat energy required to vaporize the liquid in the 
vaporizing tube (26A) thereby cooling the liquid in the liquid tube. The liquid then exiting heat 
exchanger (26) in liquid tube (26B) is substantially sub cooled as it is directed towards the pump 
(28), and expendable refrigerant gas exiting heat exchanger (26) through vaporizing tube (26A) is 
simply exhausted. Pump (28) may be standard pump either electrically or pneumatically powered, 
such as a REHV AC PTF-400, and is used to boost the pressure of the sub cooled liquid and fill the 
smaller, typically non-refrigerated, storage vessel (30). typically to a higher pressure than storage 
vessel (22). Modular base (38) may be added to secure the heat exchanger (26), pump (28) and other 
related equipment to form a modular unit. 

[16] Figure 2 represents an alternative preferred embodiment of applicants process using a 
recirculatingrefrigerationsystem wherein the refrigerant gas is notexhausted, but rather recirculate 

and used again. Pumping process and system (40) includes storage vessel (22), pump (28) and 
smaller high pressure storage vessel (30) which are substantially the same as set forth in figure 1. 

-6- 



The sub cooling of the liquefied gas is accomplished by recirculation refrigeration system (44) 
including compressor (44A), condenser (44B), flow restrictor (44C) and heat exchanger (44D), 
having vaporizing tube (44E) and liquid tube (44F). In operation, a secondary refrigerant gas is 
circulated through compressor (44A), and cooled in condenser (44B). Flow restrictor (44C) then 
allows the refrigerant gas to expand and vaporize in vaporizing tube (44E) of heat exchanger (44D), 
absorbing heat from liquid tube (44F), sub cooling the liquefied gas being pumped. 
[17] Figure 3 illustrates an altemate preferred embodhnent of applicants process and system using 
the exhausted expendable refrigerant gas of figure 1 to power a pneumatically driven pump (20). In 
operation, pumping system (60) fimctions substantially the same as pumping system (20) of figure 1. 
having storage vessel (28), flow controller (24), heat exchanger (26), pump (28). and smaller high 
pressure storage vessel (30). although in the process and system pump (28) must be a pneumatically 
driven pump, which is optional in figure 1 . In addition to the process and system in figure 1 , we see. 
typically, warming coil (62) attached the exhaust of vaporizing tube (26 A) which fiirther warms and 
expands the exhausting gas, which is then used to power pump (28). 

[181 Figure 4 illustrates a fiirther enhancement on applicants process and system described in 
figure 3, allowing for a means to lower the pressure (without vaporization) in the smaller storage 
vessel (30) while it is being filled. Pumping process and system (80) includes a second heat 
exchanger(82)positionedbetweenpump(28)and smaller high pressure storage vessel(30),havmg 

vaporizing tube (82A) and liquid tube (82B). Second heat exchanger (82) is used to fiirther reduce 
the temperature of the liquefied gas downstream of the pump, ultimately cooling the smaller high 
pressure storage vessel (30). The lower temperature gas inside smaller high pressure storage vessel 
(30) results in a corresponding lower pressure making it easier for pump (28). After the filling 
process is over, smaller high pressure storage vessel (30) normalizes at regular atmospheric 
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temperature and assumes the corresponding pressure. It is noted that the liquefied gas entering 
second heat exchanger (82) through flow controller (24) typically is not completely vaporized as it 
exits second heat exchanger (82) and enters heat exchanger (26) where it is still able to sub cool the 
liquefied gas prior to it being pumped at pump (28). From the heat exchanger (26) expendable 
refrigerant gas travels to coil (62) and on to pump (28) (pneumatic) similar to applicants process 
illustrated in figure 3. 

[191 Figure 5 illustrates the use of second storage vessel, which is employed as the source of 
expendable refrigerant. During operation pumping process and system (100) is equipped with 
second storage vessel (102) which then feeds the expendable refrigerant (103) through flow 
controller (24) and through the process as set forth in pumping system (80) of figure 4. This process 
is employed whenpumpingmore expensive gases such as Nitrous Oxide, and allowsfortheuseofa 

lower cost expendable refrigerant to sub cool and drive the pump (28). 

[201 The types of liquified gases that may be pumped by applicants systems and processes are, for 
example: CO2 N2O, N2 or O2 or any other suitable gas. Flow controllers may be pressure regulators 
or expansion values, for example, or any other suitable device. 

[211 Although the invention has been described with reference to specific embodiments, this 
description is not meant to be construed in a limited sense. Various modifications of the disclosed 
embodiments, as well as alternative embodiments of the inventions will become apparent to persons 
skilled in the art upon the reference to the description of the invention. It is, therefore, contemplated 
that the appended claims will cover such modifications that fall within the scope of the invention. 
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